The operations were made in a shallow dish containing a thin layer of paraffine which forms an excellent surface for the attachment of the polyps, and also for cutting. The dish was kept nearly full of fresh water, and the polyps were not removed from it until the immediate effects of the operation had passed, when they could be transferred into other dishes without fear of injuring the tissues or of separating the components of a graft.
In making lateral grafts, the paraffine method invented by RAND (8) WaS used at first; but so much time was required to make the proper grooves in the paraffine and to keep the components of the graft from pulling apart, that this method was soon discarded. Lateral grafts were then made by uniting pieces of hydra on fine glass thread, a method that I had used successfully in my former experiments with end-to-end grafts. In making lateral grafts by this means, however, the glass thread had to be pushed through the walls of the stock hydra. In many eases this caused a considerable laceration of the tissues, and, therefore, although much less time was required to make the grafts and a larger per cent. of them were successful than with the paraffine method, this method was also given up. It was discovered, by chance, that if the freshly cat surfaces of two pieces of hydra are brought into good contact, they will readily unite and form a perfect graft without any attempt being made to hold the parts together for a considerable period of time. Acting on this suggestion, the greater number of experiments in lateral grafting were made in the following manner: After a polyp had become firmly attached to the paraffine, a break was made in the body wall either with a sharp scalpel or with the point of a needle. Before the edges of the break had time to come together, the freshly cut surface of another hydra was brought into contact with the injured surface of the first polyp, and the pieces were held in place for a moment only. The graft was left undisturbed for two or three hours, and it was then transferred into a small glass dish filled with fresh spring water. If the pieces of hydra did not adhere when they were first brought into contact, they were again put in place and held for a short time. If this second attempt at grafting proved unsuccessful, the pieces were either discarded or fresh surfaces cut, as, except in rare instances , union between parts of different individuals is only possible when freshly. cut surfaces are brought together.
Occasionally, instead of making a wound in the body wall of the stock hydra, the point of a small, sharp scalpel was il/serted in the mouth of a contracted polyp, and a slit made down one side of the body nearly to the foot. The edges of the slit separated at once so that the polyp appeared, for a short time, as a flat sheet of tissue with the endoderm uppermost. The freshly cut surface of the graft hydra was then quickly brought into contact with the endoderm of the stock, and held in place until the cut edges of the stock rolled up and surrounded it. Most of the experiments in which a piece of a polyp was inserted high up in the stock were made in this manner.
By the above methods, which in a slightly modified tbrm have recently been successfully employed by HEFFERA~r (1), 20---25 lateral grafts can easily be made in the course of an hour, and considerably over 50.~ of them are usually successful. In order to maintain a proper oxygen equilibrium, green water plants, Anacharis, ~itella, etc., were always kept in the dishes containing the polyps, and .every few days the water was changed and the dishes thoroughly cleaned to prevent contamination by bacterial growths. Small Crustaeea and Protozoa were frequently supplied for food, as hydras, when deprived of food for any length of time, decrease greatly in size, lose a number of their tentacles, and become totally unfit for experimental purposes.
I. The Effect of Light on the Regeneration of Hydra viridis.
While studying the effects of temperature on the regeneration of Hydra viridis and of Hydra grisea, PEI~Br=ES (6) also made some experiments in which she tried the effects of monochromatic lights (red, blue, green and yellow), and also of darkness and of diffuse daylight on the process of regeneration. As a result of her experiments she states: ~>the process of regeneration was in no way influenced by any of the colors,. 13EEBLES seems to have been interested only in the effects of temperature and of color on the rate of regeneration of the polyps. As it seemed not impossible that the presence or absence of light might affect the number of tentacles that would regenerate after the removal of the head of a polyp although the rate of the regeneration remained the same in both cases, the following experiments were made to determine this point.
On Jan. 13. 1902 , twenty-four hydras were taken from an aquarium and separated into two lots, A and B, each containing 6 seven-tentaeled hydras and 6 eight-tentacled hydras.. The head of each polyp was then removed by a transverse cut just back of the circle of tentacles. The dish containing lot A was kept on a table in the laboratory so that the polyps were exposed to light, but not to the direct rays of the sun. Lot B was put into a dish covered on the outside with black cloth, and the dish was then shut up in a drawer in the laboratory table as an additional precaution against the penetration of light rays to the polyps. Both lots of hydras were kept in the same room and, consequently, they were under similiar conditions of temperature.
The polyps were examined for the first time on Jan. 16, and in both lots tentacles had appeared. The tentacles on the polyps in Iot B seemed fully as well developed as those on the polyps in lot A, thus confirming 1)EEBLES ' result that the rate of regeneration is not affected by keeping the polyps in continued darkness. The hydras were then left undisturbed until Jan. 21, when the number of tentacles that had regenerated on each lot of polyps was counted carefully. The result is shown in the following table. Before the operation, the average number of tentacles possessed by the polyps was 7.5. In the above table it is seen that the average number of tentacles that has regenerated on each lot of hydras is less than the number originally possessed by the polyps, agreeing, in this'respect, with the results obtained by RAND (8) in his study of the relation existing between the original number of tentacles on an individual and the number regenerating after the head of the polyp has been removed. Table I also shows that the individuals kept in darkness have regenerated an average of 0.75 tentacles per hydra less than have those polyps that were exposed to the light. It would seem, therefore, that the presence or absence of light influences the number of tentacles that will regenerate after the removal of the head of a polyp. It might, however, be possible to explain the result as due to individual differences in the size of the polyps in the two lots, as RAND has shown that large individuals tend to regenerate a greater number of tentacles than do small individuals. To determine this point, the new heads that had regenerated on the polyps in both lots were cut off on Jan. 21, close behind the circle of tentacles as in the first operation. The hydras of lot A were then put in the dark and those of lot B were allowed to regenerate in the light, thus reversing the conditions under which they had regenerated in the first instance. If the difference in the number of tentacles that regenerated on the two lots of polyps as shown in Table I was due solely to the larger size of the individuals in lot A, it ought to follow, as a result of the second removal of the heads, that the individuals of lot A, although kept in darkness, will regenerate more tentacles than will the presumably smaller individuals of lot B which are exposed to the influence of the light. On Jan. 28, the tentacles on all of the polyps were counted with ~he result shown il~ Table I!. In the above table it is seen that the polyps kept in the light (lot B) have regenerated an average of 0.66 tentacles per hydra more than have the polyps of lot A which were kept in darkness. This result would certainly not have occurred if lot A, by chance, had contained larger individuals than lot B and if the size of the individual alone determines the number of tentacles that will regenerate in a given case. It appears, therefore, from the above experiments, that the presence or absence of light determines, to a certain extent at least, the number of tentacles that will regenerate on a polyp after the removal of the head.
On March 21, the above experiment was repeated on twentyibur individuals taken from a different aquarium than were those used in the first case. Again, on April 30, the same operation was made on a third set of twenty-four individuals which had just been brought in from a pond near the laboratory. The results obtained in these last two sets of experiments, since they confirm those obtained in the first set, are summarized together in the following tables. The number of tentacles originally possessed by the polyps is shown in Table III . The average number of tentacles possessed by the polyps in the beginning of the experiment was 7.20. This is somewhat less than the average for the hydras of the first set where individuals with seven or eight tentacles were especially selected. In the present experiments great care was taken to choose polyps of as nearly the same size as possible in order that the results could in no possible way be influenced by individual differences in the size of the hydras.
The second set of polyps was examined three days after the removal of the heads in order to see if the rate of regeneration in the two lots of the set varied at all. It was again found that the individuals kept in darkness regenerated just as quickly as those exposed to the influence of the light. In the third set, no observations were made on the polyps kept in darkness until the end of a week when the tentacles in both lots were counted. The number of tentacles that had regenerated on all of the 48 polyps one week after the removal of the heads is shown in the following table. In the above table it is seen that the polyps kept in the light have regenerated an average of 1.09 tentacles per hydra more than have those deprived of light. This difference is 0.34 greater than was obtained in the first set of experiments recorded in Table I .
After the removal of the new heads of the polyps by a transverse cut just behind the circle of tentacles, the conditions of the lots were reversed, i. e., lot C was put in darkness and lot D was exposed to the light. The number of tentacles that had again regenerated on the polyps at the end of another week is shown in Table V . Summarizing the results of the three sets of experiments given in the preceding" tables, it is found that a total of 36 hydras with an average of 7.35 tentacles per hydra at the beginning of the experiment, will, if exposed to the influence of light after the removal of the head of each polyp, regenerate an average of 6.91 tentacles per hydra. The same number of polyps with the same average original number of .tentacles will regenerate an average of only 5.99 tentacles per hydra when deprived of light during the process of regeneration. The difference of 0.92 tentacles per hydra in the two cases is much too large to be ascribed to mere individual variation in capacity for regeneration, especially as, in two of the three sets of experiments, great care was taken to use individuals of as nearly the same size as possible. After removing the head of each polyp a second time and reversing the conditions under which they were regenerating, so that the polyps previously exposed to the light were now the ones kept in darkness and vice versa, it was found, one week after the operation, that the polyps which had been regenerating in the dark had produced an average of only 5.35 tentacles per hydra, while those which had received light had regenerated an average of 6.16 tentacles per hydra. The difference in the two cases being 0.81.
As tile question of variation in the size of the polyps in the different lots can, perhaps, be excluded in considering the results, the obvious conclusion from the experiments would seem to be that continued darkness affects the regeneration of Hydra viridis in that it prevents the formation of as many tentacles as will be produced if the hydra is exposed to the light during its regeneration. Hydra viridis, as is well' known, is positively heliotropic. It is possible that the presence of light is necessary to enable the cells of the polyp to properly perform their nutritive functions, and that darkness may so interfere with the nutrition of the polyp that the regenerative processes, althdngh they are not delayed, are less vigorous than they are under normal conditions.
While the above investigations were in progress, a number of normal polyps were kept in continued darkness for some two months. They were supplied with food and only examined every two weeks when it was necessary to give them fresh water. No marked changes appeared in the polyps during the time they were kept under observation. They maintained their normal size and color; the number of tentacles remained the same, or in some few eases increased; and in several instances buds were produced. It would seem, therefore, as if continued darkness has no effect on normal individuals~ although depriving the polyps of light for a much longer period , an experiment which I hope to try at some future time, may show changes in the structure of the cells~ if not in the external characters Qf the polyps,
II. Experiments in Grafting.
A. Lateral Grafts. RAND (9) made a number of interesting experiments in which he inserted a piece of one polyp, the ,graft,,, into the side of another polyp, the ,stock~,, producing compounds which he called ~lateral graftsr RAND used Hydra viridis for most of these experiments, not only because of its abundance, but also because of the quickness with which it regenerates. From his experiments, RAND concluded that, with few exceptions, lateral grafts do not persist as permanent abnormalities~ but that regulation to a normal form is produced in most cases by ,,a slow migration of the graft down the trunk of the stock until graft and stock arise directly from a common foot. A constriction then slowly forms between graft and stock, which finally separate. Sometimes the graft constricts ~nd separates from the stock before the migration to the foot is completed,. In case the graft was very small and without tentacles, RAND found that it failed to maintain its individuality and was absorbed by the stock without regenerating.
Lateral grafts similar to those of RAND have recently been made by HEFFERAN (1) who used Hydra fusea, Hydra grisea, and Hydra monoeeia as well as Hydra viridis in her experiments. She finds that the process of regulation to a normal form differs in different species of Hydra. HEFFERAN'S summary of a part of her work is as follows: >,Regulation of lateral grafts in Hydra fusea is usually a double process of migration of the graft, and of fusion as the result of tension, i. e. the graft tends to migrate towards the head end of the stock until the head ends of graft and stock are equal in length, when fusion gradually brings them together. There is, however, a level of insertion somewhere in the aboral 1/5 of the stock, below which a graft will move downward and constrict off.
Regulation of lateral grafts in Hydra viridis is usually a process of downward migration, constriction and separation at the foot of the stock. Occasionally a graft inserted very near the oral end of the stock will persist for sometime and finally fuse as in Hydra fusea.
The difference in the behavior of lateral grafts in Hydra fusca and Hydra viridis is probably due to a difference in the diameters of the cylinders which form them, and to the action of capillarity.,, Many of the 'following experiments in lateral grafting were suggested by the work of RAND. They were undertaken, primarily, for the purpose of obtaining additional eases of heteromorphosis, and to ascertain, if possible, why in some cases a graft moves to the foot of the stock before constricting off, while in other cases it develops a foot on its aboral end in the course of a few days after the operation and then soon becomes a separate individual, having undergone little, if any, downward migration towards the aboral end of the stock.
I have shown, in my previous paper, that when individuals of decidedly different shades of green are united together, the tissues of each component can be readily distinguished for a number of days after the graft is made; in some cases two or three weeks elapse before the compound becomes the same shade of green throughout its entire extent. In many of the following experiments, therefore, very light and very dark green individuals were united together in order to ascertain the part played by each component in the subsequent changes that took place.
Only full grown polyps were used in making" these experiments, and, with but the very few exceptions which are noted, individuals of average size and with from 6--8 tentacles were selected in order that the results could not be influenced by the use of individuals that might be considered abnormal in the slightest degree. The sign -~ is used in the figures to designate the oral end of a polyp, and the sign --to indicate the aboral end; if arrows are used they point in every case towards the oral end of the polyp. Where individuals of different shades of green were grafted together, the darker colored tissue is dotted in the figures to distinguish it from the lighter colored tissue. RAND states that in nearly all lateral grafts separation of the graft from the stock takes place through ,a downward migration of graft upon stock until both arise immediately from the original foot of the stock hydra. A constriction then appears between graft and stock and a foot is formed at the base of the graft. As-the conStriction deepens the connection between the two polyps becomes drawn out to a slender thread, in which both body layers are present for a time. Th3 thread finally parts leaving two normal hydras<<.
In three of the twenty-three experiments made by RAND~ a foot developed on the aboral end of the graft in the course of a few days after the operation, and the migration of the graft down the trunk of the stock was either prevented entirely~ or else only a very slight downward movement took place. Separation of the two components of the graft occurred through a gradual constriction of the graft from stock and was completed in a much shorter time than in the other cases.
HEFFERAN'S experiments on lateral grafting in Hydra viridis show a process oft regulation very similar to that taking place in the lateral grafts made by RAND aS she found that ~,in every case migration towards the foot and final constriction and separation occurred either before or after reaching the footr There is, apparently, no reason why in some of these experiments a foot should develop on the aboral end of the graft and the graft constrict off from the stock a few days after the operation, while in similar experiments a downward movement of the graft to the foot of the stock takes place before the separation of the polyps is effected. Can the difference be due, perhaps, to an imperfect union of the graft and stock in some eases~ or is the size of the graft and its location in the stock of importance in determining which of these modes of separation shall take place ? Series I. In this set of experimcnts~ the graft consisting of twothirds or less of the anterior end of a polyp, was inserted into the side of another individual either just below the circle of tentacles or directly on the hypostome. In the latter case, the compound was made by splitting the oral end of the stock and bringing the graft directly in contact with the endoderm. Experiment I. On Jan. 10, the foot was removed from a dark green polyp bearing" seven tentacles and the anterior two-thirds of the body was grafted into the side of a large, light green, eighttentacled hydra just below the circle of tentacles (Fig. 1) . During the two following days the compound was examined frequently and the stock was usually found to be bent over considerably~ although the axis of the graft remained nearly at i'ight angles to that of the stock. On Jan. 15, the graft was still attached to the stock just below the circle of tentacles and showed no signs of a downward movement towards the foot of the stock. Up to this time the line of demarcation between the two components was sharp and distinct, and there had been no intrusion of the light green tissue of the stock into the dark green tissue of the graft or vice versa. On Jan. 19, a slight projection, was noticed at the aboral end of the graft and the point of this projection adhered to a needle when touched. Two days later a constriction between the graft and the stock had appeared and the graft was attached by the foot which had developed at its ab0ral end. On Jan. 28, the compound appeared as in Fig. 2 . The axis of the graft was no longer at right angles to the axis of the stock, and the two polyps were connected only by a narrow thread of substance. Final separation occurred on Jan. 31, when a dark and a light green hydra, each apparently normal in every respect, were found attached side by side.
Five other experiments, similar to the preceding, gave a like result. The time required for a complete separation of the components of the graft varied from 14--22 days, and there was no apparent movement of the graft towards the aboral end of the stock in any case. Experiment 2. A little less than one-half of the anterior end of a dark green polyp was grafted into the side of a light green polyp just below the circle of tentacles. The operation was made on Jan. 9. The following day the compound was found to maintain an upright position, and as the stock had become bent where the graft was attached, the axis of the graft and that of the upper part of the stock formed nearly equal angles with the axis of.the common trunk thus producing a Y shaped structure (Fig. 3) . The arms of the Y were of equal length on Jan. 16, showing that the graft had migrated a short distance down the trunk of the stock. This downward movement os the graft could not be attributed to a splitting of the stock at the angle of the Y, because, owing to the difference in the color of the two components, it was seen that the light colored tissue of the stock ended abruptly where the graft joined it, and that it did not extend up into the trunk of the graft as it ought to do if a splitting of the stock instead of a downward migration of the graft had taken place. Fig. 4 shows the condition of the graft on Jan. 30. The axial relations of the part are the same as in the previous figure, but the arms of the Y are decidedly longer. There is still sufficient distinction between the colors of the components to show conclusively that the increase in the length of the graft has not been caused by an absorption of a part of the stock; but it is either the result of growth or, possibly, it is due to a rearrangement of the tissues of the graft itself, as MORGAZ~ (4) has shown that even a small ring cut from the body of a hydra is capable of elongating until it obtains the typical proportions of a normal polyp, without the apparent formation of any new tissue at the cut ends. On Feb. 10, the compound appeared as in Fig. 5 , the common trunk being but slightly thicker than the diameter of either polyp. As the graft head had six tentacles and the stock head had seven tentacles~ the two components were readily distinguished, although by this time all distinction in color between the graft and stock had disappeared. A greater part of the time the two polyps were extended out in opposite directions and each seemed striving to pull away from the other. By Feb. 18~ the constriction between the two polyps bad progressed so far that only a slender thread of ectoderm held the components together (Fig. 6 ). Final separation of the polyps took place on Feb. 21.
The eight other grafts that were made in the same manner gave practically the same results. Separation of the graft from the stock occurred i~ every case at the foot of the stock in from five to seven weeks after the operation was made.
In comparing the different modes of separation of the graft from the stock in experiments 1 and 2, it will be noted that, when more than one-half of the anterior end of a polyp is grafted into the side of another polyp near the oral end, the axial relations assumed by the parts of the compound very soon after the operation are very different from those that are found when the graft consists of less than one-half of a polyp. In the first ease, the axis of the stock does not become bent at the place of union of the graft and stock, but remains nearly straight during the entire time of the experiment. The graft develops a foot on its aboral end and separates from the stock in a comparatively short space of time, having undergone little, if any, downward movement towards the posterior end of the stock. In the second case, where the axis of the stock above the place of attachment of the graft becomes bent so that the compound appears as a Y shaped structure, there is a gradual downward migration of file graft to the aboral end of the stock where the final separation of the two polyps occurs.
As less than one-half of the anterior end of a polyp, when used as a graft, is capable of maintaining its individuality and finally separating fl'om the stock, it seems strange that the quicker method is not always employed to separate the components. Possibly the stock, on account of'its larger size, has sufficient influence over the fate of the graft to delay the final separation; yet as both components Archly f. En~wickelungsraech~nik. Xu 15 of the graft seem constantly striving to pull away from each other, it would seem thaV the larger piece ought to aid instead of hinder this separation. The downward movement of the graft to the foot of stock in the above experiments cannot be due to a splitting of the stock, as HEFFERA~' considered to be the case in a somewhat similar experiment that she made. For, as shown in experiment 2, as long as the distinction in color between the two parts of the graft remained, the line of union between the graft and the stock was well marked and there was no intrusion of the tissues of the stock into the graft. The downward migration is a movement of only the graft down the trunk of the stock, and it does not include a movement of some of the tissues of the stock also.
RAND has suggested that the migration of the graft down the trunk of the stock might be due to the purely mechanical effect of gravity. Experiments which I made to determine this point (KING~ 2), showed that the separation of the parts of a double-headed hydra takes place even when the polyp is kept in an inverted position and, therefore, that the process is independent of the action of gravity. I have suggested that the cause of the separation of the parts of a double-headed polyp may be found ~in the constant struggle of each part to free itself from the attachment and maintain its own individuality,. I see no reason why the separation of the graft from the stock in the above experiments cannot also be explained in the same way. Tension exerted on the place of union of the two components by the constant straining of the two heads in opposite directions would tend to cause a weakening" of the cohesion of the cells in this region. When the two arms of a Y shaped compound are of nearly equal length and have the same angle with the axis of the common trunk, the pull would be nearly equal from both sides. The result would be a-gradual lengthening of the arms and a corresponding decrease in the length of the common trunk until~ finally~ a separation of the components at the foot of the stock would take place whether the compound was inverted or kept in an upright position. When, on the other hand~ the axial relations of the part of the compound are such that the axis of the stock remains nearly straight while the axis of the graft hydra forms an angle with it, the tension at the place of union of the graft and stock is necessarily different from what it is in the first case and the effect on the tissues seems to be such that the graft is able to exert its individuality in a much shorter time, and to constrict off before it has undergone any perceptible downward migration towards the aboral end of the stock.
In a number of grafts made as were those in the previous experiments, the components were only partially united at first. Invariably, in such cases, a constriction appeared between the graft and the stock and a foot developed on the aboral end of the graft in from two to four days after the operation. Separation of the parts of the compound occurred in the course of a week in every case and there was no apparent movement of the graft towards the aboral end of the stock. Owing, doubtless, to the imperfect union, the graft in these experiments was very soon able to exert its individuality and separate from the stock. As no definite conclusions could be drawn from these grafts, no attention was paid to the axial relations of the component parts.
Experiment 3. The head of a large, dark green, eight-tentacled hydra was "cut off close behind the circle of tentacles on April 8, and grafted on a light green, eight-tentacled polyp just below the hypostome (Fig. 7) . The experiment was made to see whether the two heads would fuse or whether the graft would grow at the expense of the stock and finally separate from it. Grafts of this character are very difficult to make as, owing to the small size of the graft and the tendency of the tentacles to contract, it is almost impossible to keep the parts in good contact until they have completely united.
By April 12, it was evident that the two heads were in the process of fusion as the hypostomes were much closer together than they were when the operation was first made. Fusion was completed by April 16, and the compound had but a single mouth opening" surrounded by 16 tentacles. Eight of the tentacles, evidently the ones originally belonging to the graft head, were considerably darker in color than the rest. This abnormal polyp was kept for several weeks in order to find out how the regulation to a normal number of ten~tacles would be brought about. All distinction in the color of the tentacles disappeared in the course of a few days after fusion was completed, so that it was not possible to follow the fate of either set of tentacles. On April 21, six of the tentacles were found to be fusing in pairs from their bases up. They thus presented the branched appearance described by PARKER (5) and RAND. At this time, four other tentacles were observed to be somewhat smaller than the rest, and it was evideht that these tentacles were undergoing a gradual process of absorption. On April 267 the polyp had but nine 15" tentacles and this number remained constant during the rest of the time the hydra w~s kep~ under observation, a period of about three weeks.
Four other grafts of this nature were successful. In each case the two heads fused completely in the course of a week forming a polyp with a single hypostome and with 13, 14, 16, 17 tentacles respecti~cly. Regulation to the normal number of tentacles was brought about, as in the preceding case, by a fusion of some of the tentacles and an absorption of others until the number was brought within the limits of normal variation.
Atfempts to graft one of these multi-tentacular heads on to another polyp were not successful as the component always separated in the course of twenty-four hours, although at first they appeared to be firmly United.
The above experiments seem to show that when the head only of a polyp is grafted very close to the oral eM of another polyp, the graft, although it bears tentacles, is not destined to separate from the stock, but to become incorporated into it so that eventually a normal polyp is formed from the compound. In lateral grafts of Hydra fusea, I-IEFFERAN has noted a tendency of the graft to migrate towards the oral end of the stock, and there to fuse completely with it, the abnormal number of tentacles being subsequently reduced by fasion or absorption as is the ease in Hydra viridis. This method of regulation in lateral grafts of Hydra fusca always takes place when the graft is inserted above the aboral one-fifth of the stock. Below this point the graft moves downward and constricts off from the aboral end of the stock. HEFFERAN makes the statement for Hydra viridis that ,~occasionally a graft inserted very near the oral end of the stock will persist for some time and finally fuse as in Hydra' fusea% although the details of the experiments on which this statement is based are not given in the text of her paper.
The above experiments seem to contradict the statement made by P~A~D that ,,if the graft bears tentacles when grafted, or if it regenerates tentacles after the operation, it is destined to separate from the stock.., the fate of the graft depends upon its degree of specialization<,. As a result of my experiments, I have found that the fate of a graft depends, not upon its degree of specialization, but primarily on its size and also, to some extent, on its position in the stock. If more than the head of a polyp is grafted near the oral end of the stock, the component parts invariably separate sooner or later. Experiments to be described later will show that the same rule holds good for large grafts inserted anywhere along the trunk of the stock. A small piece of any part of the body wall of a polyp will be absorbed by any part of the stock, but the head of a polyp can be incorporated only into the oral end of the stock.
Series II. In this series of experiments the anterior part of a polyp was grafted at or very near the middle of another polyp. The details of one of these experiments is as follows: Experiment 1. On March 31~ about two-thirds of the anterior end of a six-tentaeled polyp was inserted into the side of a sevententaeled hydra at the middle region as in Fig'. 8 . A short time after the operation, the axis of the graft was found to be almost at right angles to the axis of the stock. On April 3, the axial relations of the components were the same, but the graft hydra had lengthened somewhat. Whether this increase in length was due to a rearrangement of the tissues of the graft, or to a growth of new tissue, I was not able to determine. At this time, also, a foot had developed at the aboral end of the graft near its line of union with the stock, and a bud had appeared on the side of the graft opposite to the newly formed foot (Fig. 9) . The graft had begun to eonstrict from the stock by April 5, and the constriction deepened so rapidly that on April 10, the two polyps were connected only by a narrow strip of substance in whieh both body layers were present for some time (Fig'. 10) . No downward movement of the graft towards the aboral end of the stock occurred and the connection between the polyps broke on April 14, so that two normal individuals were produced.
In the four other grafts which were made in this set, the result was the same as in the previous experiment. A foot formed on the aboral end of the graft, and graft and stock separated in about ten days after the operation. No migration of the graft to the posterior end of the stock was found in any case. Experiment 2. A graft was made on April 7~ in whieh one-halt of the anterior end of a polyp was inserted in the middle of another polyp. This experiment was similar to the preeeding except that the graft was somewhat shorter. Soon after the operation it was noticed that the stock had become bent where the graft joined it. This resulted in the formation of a Y shaped compound in which the axes of the arms formed eqttal angles with the axis of the common trunk. The arms of the Y were about the same length, but the graft eould readily be distinguished from the stock on account of its-darker color and because it,had but six tentacles while the stock head had eight. During the two weeks following the operation there was a graduM migration of the graft towards the foot of the stock; the arms of the Y, however, kept their same axial relations with the axis of the common trunk. On April 30, the two polyps were attached at the foot of the stock by a band of substance about the width of one of the hydra bodies above the place of union. The compound then presented an appearance much like that of Fig. 5 . The connection between the polyps gradually grew thinner and separation was finally effected on May 16. The manner of separation of the graft from the stock in this experiment was exactly similar to that taking place in the majority of the lateral graft of Hydra viridis made by ]~Ah'D and HEFFERA~.
The previous experiment was one of fourteen in which from one-fourth to one-half of the anterior end of a polyp was grafted on another polyp near the middle region. In every instance the axis of the stock became bent at the line of union of the two components so that a Y shaped structure resulted in which the axis of the arms formed equal angles with the axis of the common trunk. Subsequently a downward migration of the graft to the foot of the stock took place in each case, and constriction and final separation of the two polyps occurred in this region in from four to six weeks after the operation.
Experiment 3. On the morning of June 4, the head only of a dark green, six-tentacled hydra was grafted into the middle of a light green, seven-tentacled hydra as in Fig. 11 . During the day of the operation the compound was examined at frequent intervals and the axis of the graft was always found to be at right angles to the axis of the stock. Two days later, however, the axial relations of the parts of the graft were found to be greatly changed from. what they were at the beginning of the experiment. The graft bad swung around in line with the axis of the common trunk, while the oral end of the stock hydra was bent sharply where the graft joined the stock and its axis formed an angle of about 45 ~ with the axis of the rest of its trunk (Fig. 12) . One June 10, the portion of the trunk of the stock above the point of bending of the stock head was found to have increased somewhat in length (Fig. 13) . This iherease could not be due to a growth of the graft as, owing to the difference in color between the two component% it was seen that the dark green tissue of the graft head extended only just below the tentacles where it was sharply marked off fl'om the light colored tissue of the stock. The apparent growth of the trunk, therefore, must be attributed to a downward movement of the anterior portion of the stock on its own trunk. On June 12, the head of the stock was slightly constricted where it was bent away from the rest of its trunk and ~ slight projection was noticed at its aboral cud ( Fig. 13, P) . The migration of the anterior part of the stock towards the aboral end of the common trunk had progressed considerably by June 16, and the compound was found to be attached not only by the aboral end of the stock, but also by a new foot that had developed from the projection on the anterior part of the stock (Fig'. 14) . All distinction in color between the graft and the stock had disappeared by this time, although the graft head could be distinguished on account of its having but six tentacles. On June 28, the two parts of the compound were connected a little above the foot region only by a thin thread of ectoderm which broke at once when touched with a needle. Of the two apparently normal hydras that were produced from the graft, one was formed entirely from the anterior part of the stock, the other from a permanent union of the graft head with the aboral end of the stock hydra.
Only one other experiment like the preceding was successful, and its subsequent history was practically the same as that described above. A similar result was obtained by RASD in one of his lateral graft experiments, where about one-fourth of the oral end of a polyp was inserted below the middle of another polyp. The axis of the graft was found to coincide with that of the common trunk a few days after the operatiou~ and later the upper end of the stock moved downward and constricted off from its own foot end.
Series IH. In the experiments made in-this group, anterior pieces of hydra of various lengths were inserted below the middle of another polyp and the fate of the graft determined.
Experiment I. On May 23, the upper half of a six-tentacled hydra was grafted into an eight-tentaeled polyp near the aboral end (Fig. 15) . In the course of a few hours after the operation, the stock became bent where the graft was united with it and thus a Y shaped structure was formed as in previous experiments. After a gradual downward movement of the graft to the foot of the stock, constriction and final separation, took place in this region.
In five similar experiments the history of the component parts was the same as in the preceding case. Experiment 2. About ohe fourth of a dark green, six-tentaeled hydra was grafted heM" the foot of a light green polyp bearing seven tentacles (Fig. 16) . The operation was made on May 5. During the following week the graft grew somewhat longer, the increase in length being due to a growth or to a rearrangement of the tissues of the graft Mone as none of the light green tissue of the stock extended into it. The axis of the stock soon became bent so that the compouud appeared Y shaped and the graft moved to the foot of the stock. On May 13, when all distinction in color between the parts of the graft had disappeared, the two components were found to be united in the aboral region by a band of substance slightly narrower than the diameter of either hydra trunk, and they were attached to the bottom of the dish by a single, broad, fiat foot (Fig. 17) . Gradual constriction between the polyps took place through the middle line, so that, when final separation occurred on May 20~ each polyp received a part of the original foot of the stock.
Six other similar experiments gave a like result as constriction and separation of the polyps occurred at the foot of the stock in about two weeks after the operation. In only two eases, however, did each component of the graft receive a part of the foot of the stock when separation occurred. In the remaining eases, the grat% constricted from the base of the stock and developed a foot after it had become a distinct individual.
Experiment 3. On April 7, the head only of a six-tentacled polyp was grafted on a seven-tentaeled hydra below the middle region (Fig. 18) . A constriction between the graft and stock was noticed on April 9, and the graft separated from the stock on April 12, without having increased in length or having migrated any nearer to the aboral end of the stock. A like result was obtained in the four other similar grafts that were made.
The above experiments in lateral grafting seem to me to show conclusively that the axial relations assumed by the parts of the coinpound are important factors in determining' not only the ultimate fate of the graft, but also" the manner in which it will separate from the stock, if separation of the component parts is to occur. If the axes of the parts above the place of union of graft and s~oek come to form equal angles with the axis of the common trunk, the graft slowly migrates d(~wnward to the foot of the stock where eonstrietiou and final separation of the polyps takes place. If the axes of the parts above the line of union of graft and stock do not become equally inclined to the axis of the common trunk, then the graft seems able to exert its individuality more quickly than is the case with tile other grafts, as it develops a foot on its aboral end and constricts off from the stock having undergone little or no downward migration towards the foot of the, stock. If the axis of the graft swings around in line with that of the common trunk, then the graft is incorporated into the stock and the upper part of the stock becomes bent over where the graft is attached and moves downward and finally constricts off fl'om its own aboral end. Whatever the fate of the graft, the final result-in all of these lateral graft experiments is the formation of one or more normal individuals. I can agree fully with the statement of I~A~D that >>No lateral grafts in H. viridis will persist as permanent abnormalities~.
Lateral Grafting to Produce Heteromorphosis.
Previous experiments made by WETZEL (10), PEEBLES and myself have shown that it is possible to produce heteromorphosis in hydra by means of end-to-end grafting. The following experiments were made to ascertain if heteromorphosis can also be produced by means of lateral grafting. Experiment 1. In a preliminary set of eight experiments made on Nov. 18, 1901, the head of a hydra was removed by a transverse cut just behind the circle of tentacles, and the oral end of the polyp was then inserted into the side of another polyp as nearly as possible in the middle region as shown in Fig. 19 . The fate of the graft was very similar in each experiment. A few hours after union was effected, the compound was usually found to be attached not only by the foot of the stock, but also by the aboral end of the graft which had bent over until its aboral end came in contact with the bottom of the dish. The compound then either formed a ~, shaped structure, or it appeared as in Fig. 20 , the graft and the aboral portion of the stock extending out in opposite directions while the head of the stock projected upward from the middle region of the compound. In every case the components of the graft seemed to be making a cbnstant effort to pull away from each other. On Dec. 2, the graft appeared to be much nearer the foot of the stock in two of the compounds than when the operation was made and the portion of the trunk of stock above the line of insertion of the graft was correspondingly increased in length. A few days later, the same downward migration of the graft was perceptible in all the other six compounds. Each compound was attached by its two aboral ends and a constriction had ~ppeared between the graft and stock by Dec. 8 (Fig'. 21) . Three of the grafts constricted from the stock on Dec. 20, without having migrated any nearer the foot of the stock than shown in Fig'. 21 . By Jan. 10, 1902, the remaining" fiye grafts had constricted off fl'om the stock in the same way. After each graft had separated fl'om the stock it quickly developed a hypostome, and tentacles at its oral end and became a normal individual. Experiment 2. On Nov. 19, ten grafts were made as in experiment 1 and the following" day the foot of each graft was removed by a transverse cut (Fig. 19, EF) , in the hope that a head would develop on the cut aboral surface of the graft. In the course of 48 hours a foot formed on the cut surface in every case. The foot of each graft was then removed a second time, leaving but a small piece of the graft attached to the stock. In four cases a third foot formed on the cut surface and the graft subsequently separated from the stock as in the first experiment. In the remaining six eases, no regeneration took place from the cut surface. A gradual process of absorption of the graft by the stock began in the course of a few days, resulting in the formation of an apparently normal individual fl'om the complete union of the two components.
The results obtained in the preceding experiments are very similar to those which ]~ARSHALL (3) and I observed in experimenting with double-footed hydras produced by splitting a polyp longitudinally through the aboral end. Such abnormal polyps are always attached by both foot-ends, and each piece seems constantly endeavoring to separate from the rest of the polyp. In the course of a few days or weeks, depending entirely on the extent of the longitudinal cut in the beginning of the experiment, one aboral piece, invariably the smaller if the cut did not pass exactly through the middle of the polyp, constricts off from the rest of the hydra. It soon develops a hypostome and tentacles at its oral. end and becomes a normal iadividua-1. The entire process of constriction and subsequent regeneration of these aboral ends of a double-footed polyp seems to be exactly similar to that taking place in the first experiment of the above series of lateral grafts. Moreover, if the aboral end of one part of a doublefooted polyp is removed by a transverse cut, a new foot forms at once on the cut surface if the piece remaining is of considerable size, if, however, by removing the foot, only a small piece remains attached to the main part of the hydra, there is no regeneration at all from the cut surface. The small piece is gradually absorbed by the polyp until a normal form is again produced, a result similar to that obtained in six of the lateral grafts made in preceding series of experiments. Experiment 3. Five grafts were made as in experiment 1. The aboral end of each graft polyp was then removed (Fig. 19: E.F) , and, subsequently, a longitudinal cut was made through the middle of the graft and extending transversely across the stock also (Fig. 19~ CD) .
By this operation a long, narrow piece of the graft remained attached to the anterior part of the stock hydra, and a similar piece of the graft was united to the posterior part of the stock hydra. The object of this experiment was to ascertain if it would be possible to obtain a regeneration of a head on the aboral surface of the graft by greatly increasing the amount of cut surface.
The history of four of the anterior pieces was as follows: A foot developed on the aboral surface of the graft two days after the operation and the compound became attached by it ( Fig. 22: F) , while the aboral end of the stock healed over but did not regenerate.
In the com'se of a week the graft swung around in line with the axis of the stock~ and fore" weeks after the experiment was begun a normal polyp was formed from the compound in all four cases. In the remaining case, the graft constricted from the stock a few days after the operation. It developed a hypostome and tentacles on its oral end and soon became a complete indi~-idual. In three of the posterior pieces of the stock to each of which a narrow strip of the graft was attached, the following" result was obtained.
A head developed on the anterior end of the stock in about three days after the operation and the graft appeared as a small protuberance on the side of the stock (Fig. 23) . The graft gradually decreased in size and was finally completely absorbed. In one of these experiments, polyps of decidedly different shades of green had been grafted together, and in this case the new head that regenerated on the anterior end of the stock was found to be composed entirely of the tissues of the stock, the graft taking no part whatever in its formation.
The piece of graft remaining attached to the posterior portion of the stock was considerably larger in two cases than it was in tim three compounds just described. A foot regenerated on the aboral surface of the graft soon after the operation, and the graft bent down so that its foot. became attached. A new head developed from the oral end of the stock as in the previous experiments, and. as before, this new head was composed entirely of the tissues of the stock polyp. The appearance of the compound a week after the operation was much like that in Fig. 20 . The greater part of the compound had assumed a horizontal position and the head of the stock extended up from the middle of the structure. In one case; separation of the graft from the stock took place on Dec. 30, and in the other ease on Jan. 6. In neither of these compounds did the graft move below the middle of the stock before separation was effected.
Experiment 4. On April 12, the posterior half of a polyp was grafted into the side of another polyp by its oral end (Fig. 24) . The day following the operation, a transverse cut was made across the graft hydra at a short distance from its place of attachment to the stock (Fig. 24 , AB}, thus exposing a freshly cut aboral surface on the graft polyp. This experiment was made in order to see if the axis of the small piece of graft would swing around in line with that of the common trunk and a head be regenerated on its aboral surface --the anterior part of the stock hydra subsequently moving" down to its own foot end and constricting off as was the case i1~ the experiment described on page 216.
The injured surface of the graft healed over in the course of a few hours, but no subsequent regeneration took place from it. The axis of the stock remained straight and the graft appeared as a small projection on the trunk of the stock. By the gradual absorption of the graft by the stock a normal polyp was formed from the compound some three weeks after the operation.
The above experiment was repeated eight times and in each ease the gl'aft was absorbed by the stock and a normal individual formed.
Experiment 5. On Jan. 13, six grafts were made in the following manner: The foot of a polyp was removed by a transverse cut and the aboral end of the trunk was then inserted into the middle region of another polyp (Fig. 25) . About three hours after the operation a cut was made across the stock just below its line of union with the graft (Fig. 25, ZY) . The next morning, when the cut surface ZY had healed over, the head of the graft was removed by a transverse cut behind the circle of tentacles (Fig. 25, AC) , as it was not considered advisable to make both cuts ZY and AC at the same time on account of the severity of such an operation. It was hoped, when the experiment was made, that the graft would swing" around in line with the stock and that a normal polyp be produced by the regeneration of a foot in the cut oral surface AC.
In four of the experiments the following results were obtained. Three days after the operation a slight projection was noticed on the aboral end of the stock, and tentacles were beginning to bud out on the oral end of the graft (Fig. 26) . Until this time the axis of the graft hurl remained nearly at right angles to that of the stock, but now a change in the axial relations of the parts of the compound took place, so that both heads were nearly upright and their axes formed equal angles with the axis of the common trunk (Fig. 27) , the compound being' attached by a foot that had developed from the projection at the aboral end of the stock. A gradual constriction of the graft from the stock took place as in Fig. 6~ and the two polyps finally separated three weeks after the operation.
The fate of the grafts in the other two experiments in this set was very different from that of the grafts described above, owing possibly to the fact that somewhat more than the head of the graft was removed by the cut ACt. A few days after the operation, a slight projection appeared at the aboral end of the stock as in the other compounds of the set, but it did not develop into a foot, neither did a hypostome and tentacles regenerate from the oral surface of the graft. On Jan. 19, each compound appeared as in Fig'. 28. By Jan. 24, .the projection at the aboral end of the stock bad almost disappeared, and the compound was attached by a foot which had developed on the oral end of the graft, while the graft itself was gradually coming in line with the axis of the stock (Fig. 29) . A monfll after the operation each compound formed a perfectly normal hydra.
Besides furnishing new cases of heteromorphosis, these last experiments give additional evidence that the size of the graft as well as the axial relation which it bears to the axis of file stock~ are of great importance in determining its ultimate fate. Experiment 6.. After the removal of the head of a dark green polyp~ the oral end of the trunk was grafted into file side of a light green polyp near the middle region (Fig. 30) . A few hours later the anterior end of the stock was cut off just above the line of union with the graft (Fig. 30, ZY) , and the following day the foot of the graft was also removed by a transverse cut (Fig. 30, AC) . It was hoped that the graft would swing around in line with the body of the stock and develop a head on its cut aboral surface AC. ~.
In four of the six experiments that were made the fate of the graft was the same. A new head grew out from the cut oral surface ZY. It was composed entirely of the light colore& tissue of the stock, the tissues of the graft taking" no part whatever in its formation. Although the cut surface of the graft healed over 'at once, no regeneration took place from it, and the graft appeared as a small projection on the side of the stock (Fig. 31) . The graft was gradually absorbed and a normal individual produced from the compound.
In one experiment made on Jan. 11, a foot regenerated on the aboral end of the graft and a head developed on the oral end of the stock in three days after tile operation. The graft soon bent down so that its foot became attached, and tile compound, therefore, appeared as a double-footed hydra (Fig. 32) . On Jan. 26, the graft had migrated to below the middle region of the stock and it had decreased considerably in size (Fig. 33) , thus indicating that it was undergoing a gradual process of absorption although it was movingtowards the aboral end of the stock as if it were eventually to separate as a distinct individual. On Feb. 4, the compound appeared as in Fig. 34 . The graft, which was much less than half of its former size, had reached the base of the stock, and the compound was seemingly attac]aed by a very broad, flat foot, slightly indented in the middle line. By Feb. 17, the graft had become entirely absorbed and a perfectly normal polyp was formed from the compound.
It seems probable the behavior of this compound can best be explained as due to the size of the grafted piece. The graft was evidently too large to foe absorbed at once, as were the grafts in the first four experiments in this set, and yet was not large enough to exert its individuality sufficiently to separate from the stock although it migrated to the foot of the stock before it was finally absorbed by the larger components.
In the last experiment in this series, two heads regenerated from the anterior end of the compound. One was composed entirely of the light colored tissue of the stock and had five tentacles, while the other head, regenerated on the graft, was dark in color and had but four tentacles. A foot developed on the aboral surface of the graft, and the compound soon became attached by two aboral ends (Fig. 35) . During the following week, the two heads grew larger and each developed another tentacle. Two weeks after the operation the polyps had so oriented themselves that the whole structure appeared as a cross, the two heads forming the horizontal arms, while the compound was attached at the ends of the vertical arms (Fig. 36) . A week later, when all distinction in color between the polyps had disappeared, the two components were connected only by a narrow band of substance in which, for a time, both body layers were present (Fig. 37) . This connection gradually became thinner, and for several days the polyps were united by a mere thread of ectoderm which finally broke so that the two polyps were completely separated.
It seems probable that in this case the cut ZY, Fig. 30 , which removed the anterior end of the stock hydra also accidentally took off a small piece of the oral end of the graft. As a result, a freshly cut surface was formed on the oral end of the graft, and, therefore, a head regenerated on the cut surface just as if the polyp was not united to another individual. RAND (8) found, in the course of his experiments, that after the removal of the head of a polyp by a transverse cut just behind the circle of tentacles, the number of tentacles that will regenerate is, with very Dew exceptions, less than the number removed in the beginning of the experiment. If the size of the polyp is still further reduced by removing the foot as well as the head, then still fewer tentacles will regenerate. From these experiments RAND concluded that ~)in pieces destitute of tentacles, the number produced varies with the size of the piece~. As the size of the hydra is, therefore, of importance in determining the number of tentacles that will regenerate in a given case, will it be possible to increase the number of tentacles by grafting the trunk of hydra on another polyp and thus, for a time at least, greatly increasing the volume of the polyp and the source from which it can obtain its supply of nourishment?
After the removal of the foot of a polyp, the aboral end of the trunk was inserted into the side of another polyp in the middle region (Fig. 8) . The next day~ after having noted the number of tentacles, the head of the graft was removed by a transverse cut (Fig. 8, A B) . The experiments grouped under this series were made at six different times~ and upon polyps taken from different aquaria or brought fl'om a pond near the laboratory. In every case the number of tentacles that had regenerated was counted ten days after file operation, as previous experiments had shown that new tentacles seldom appear after this length of time. A summary of the various experiments in this series is given in the following table. In the above table it is seen that only in one instance did more tentacles regenerate on the head of a graft than had been cut off in any case, and that the greater number of polyps regenerated six tentacles, although one half of the individuals had originally 7 tentacles.
RAXD cut Off the heads of 52 hydras and found that, whereas the average number of tentacles originally possessed by the polyps was 6.9, the average number of tentacles that regenerated was but 6.1, a difference of 0.8. In repeating R&XD'S experiments I found that in a total of 52 individuals with an averag'e of 7.23 tentacles per hydra before the experiment began, the average number of tentacles that regenerated was 6.35 per hydra, a difference of 0.88. These results obtained-on single polyps are practically the same as in the above experiments on lateral grafting where the average difference between the original number of tentacles on the head of the. graft and the number regenerated ten days after the operation was 0.75.
Comparing the results obtained by RA~TD and by myself on single polyps with those summarized in the above table~ it is evident t~at grafting one polyp on to another polyp does not cause a marked increase in the number of tentacles that will regenerate after the removal of the head of the graft. The graft, which sooner or later is destined to separate from the stock, regenerates exactly as it would have done had it not been united to another polyp. It is only when the graft is too small to exert its own individuality that its subsequent fate is influenced by the other component of the graft.
Owing to an accident, 18 of the 40 compounds in this series were killed about two weeks after the experiment began, so that the manner of the separation of the graft h'om the stock was not determined. Of the remaining" 22 compounds, 16 developed a foot on the aboral end of the graft, and the two components separated in from 2--3 ~veeks, no perceptible migration of the graft towards the foot of the stock having taken place. In the other 6 compounds, there was a slow downward movement of the graft to the aboral end of the stock where for several days before final separation the two polyps were connected by only a narrow band of substance as in Fig. 6 .
A number of experiments were made in which, after the removal of the foot, one-half or less than one-half of the posterior part of a polyp was grafted by its aboral end into the middle of another hydra, in order to study the relation between the number of tentacles that would regenerate and the original number possessed by the graft hydra. In the great majority of cases the graft was slowly absorbed by the stock, and, therefore, no definite conclusions could be drawn from this set of experiments. It was noted, however, in the few cases where a new head regenerated on the graft, that the number of tentacles was considerably less than the number of tentacles possessed by the graft polyp at the beginning of the experiment.
B. Grafting to Determine the Influence of the Larger on the Smaller Piece. In one of the experiments made by WE'vz~rJ (10), the foot ends of two Hydra g'risea were removed by transverse cuts, and the two aboral surfaces of the polyps were then grafted together. Subsequently the head of one component of the graft was cut off just back of the circle of tentacles. A few days later, a foot developed on the cut oral surface and a normal hydra was formed by a permanent union of the two components of the graft. This is the first recorded case of heteromorphosis in Hydra. WETZEL'S experiment was repeated by PEEBLES (7); but she was not able to obtain a case of heteromorphosis, although she made the experiment 15 times. PEEBLES then grafted together the oral ends of two polyps after the removal ~)f the hypostome and tentacles, and soon after union was completed one component was cut off close to the line of union. A new head krchiv f. Entwickelungsmechanik. XVI. 16
developed on the cut, aborM surface of the smaller component in 5 of the 92 grafts that were made. In my previous experiments on grafting hydra I remo~ed the foot from a light and also from a dark green polyp and then united the polyps by their aboral surfaces. After union was completed~ I cut off each component of the graft by a transverse cut close to and at equal distances from the line of union, thus forming a small ring of tissue composed of two components of nearly equal ~ize and having' two.exposed oral surfaces. In every case a normal polyp was formed by the development of a foot on one oral surface and the regeneration of a head on the other. The same result followed when the heads of two polyps were removed and the oral ends grafted together, each component being" subsdquently cut off close to and at equal distances from the line of union. In the few cases where the cuts were made some distance from the line of union, each cut surface regenerated a structure like that removed and the two polyps eventually separated as complete individuals.
In grafting experiments such as those described above the question arises, what is the factor that deternfines on which component the head will regenerate, and on which the foot? Is it merely through chance that in some experiments heteromorphic structures develop~ or does the larger component influence the smaller component'in such a way that the latter's polarity is reserved~ if necessary, in order that a normal polyp may be formed fl'om the compound? The following experiments were made with the idea of determining', the answer to this question. In every experiment in this group~ individuals of decidedly different colors were grafted together, as only by this means could it be accurately determined what part each component played in the subsequent regeneration. Experiment 1. On April 10, the foot ends of two hydras were removed and the polyps were then grafted together by their aboral surfaces (Fig. 38) . After the pal~s were firmly united, a transverse cut was made through the dark colored polyp quite close to the line of union of the two components (Fig'. 38, A B) . The anterior half of the light colored component was also removed by a transverse cut (Fig. 38, EF) . These cuts produced a compound composed of a small ring of dark colored tissue, and a somewhat larger ring of light colored tissue, each having an exposed oral surface. On which of the components will a heteromorphic foot develop?
The above experiment was repeated 9 times with a like result in each ease. A new head always regenerated on the oral surface of the larger component and a foot developed on the oral surface of the small ring of dark colored tissue, so that a normal polyp was formed by a permanent union of the two components of the graft. Experiment 2. In the reverse of the above experiment, the oral ends of two polyps were united together after the removal of the hypostome and tentacles. Transverse cuts were then made as in Fig. 39, A B ,. U D, resulting in the formation of a compound with two exposed aboral surfaces. The lighter colored component was the larger as in the preceding experiment.
Again the polarity of the larger component determined the kind of regeneration from the exposed surface of the smaller component, as in all but one of the 7 experiments that were made, a foot developed on the cut aboral surface of the larger component and a head on the exposed aboral surface of the smaller component, thus producing a normal individual.
In the one exceptional case in this group of experiments, a foot developed at each end of the compound, and one head with 5 tentacles regenerated at the line of union of the two components. The new head was formed entirely of the light colored tissue of the larger component (Fig. 40) . During the following week, the larger component increased somewhat in length, and developed two more tentacles. A gradual downward migration of the smaller component towards the aboral end of the larger component was soon noticed, and three weeks after the operation all distinction in color between the parts of the compound had disappeared. By this time the smaller component had nearly reached the aboral end of the larger component and it was about one-half of its former size, showing" that it was being slowly absorbed by the larger piece (Fig. 41) . Five weeks after the operation, the smaller component had been completely absorbed and a perfectly normal hydra was formed from the compound.
In this last experiment the dark colored component was somewhat larger than it was in the other experiments of the set, and, consequently, the larger piece was not able to cause a reversal of the polarity of the smaller piece within a few days after the operation, although it was able to prevent the separation of the smaller component and to incorporate it into its own body to form a perfect individual.
The above experiments show that the kind of regeneration from the cut surface of a component of an end-to-end graft is determined, 16.
to a certain extent at least, by the size of the components. If the components are of sufficient size, each will exert its own individuality and regenerate a new structure on its cut surface like that removed, no matter how large the other component may be. Eventually the *wo polyps will separate and become complete individuals. If one component is much smaller than the other, the larger component either brings about a reversal of tile polarity of the smaller component thus causing the regeneration of a heteromorphie structure fi'om the cut surface of the smaller component; or else the smaller component is completely absorbed by the larger. In any case the final result is the formation of one or two individuals of normal form.
C. Tangent Grafting.
Experiments made by PEEBLES, HEI?FERAN and myself have shown that it is not possible to produce a permanent hydra body of twice the length of the normal polyp by grafting several pieces of hydra together in the same or in a reversed direction. In such grafts the parts adhere readily enough at first, and they remain united for some days, but eventually as many separate individualswill be formed as there arc heads produced on the compound. Will it be possible to obtain a permanent union of two hydras so that the diameter of the body shall be doubled, but the length not increased? The following experiment was made a number of times to test this point, but in only two cases was it found possible to obtain anything like a satisfactory union of the tissues. A small, sharp scalpel was inserted in the mouth of a large polyp and the body wall was split down one side to the very end of the foot. The cut edges at once separated so that the hydra became, for a short time, a fiat sheet of tissue. Another hydra, similarly cut, was quickly placed on the first polyp so that the endodermal layers were in contact. It was hoped that, when the cut edges of one polyp closed in, they would adhere to the cut edges of the other polyp and thus form a polyp of twice the usual diameter. Such a compound may, perhaps, be called a ,tang'ent graft<,, although HEFFE~A~," used this term to designate grafts ,,,in which the polyps have had shavings or slices cut from the trunks and are put together side by side without removing either end<,. The following experiments differ from those of HEFFr2aA~ in that no part of the body wall was removed. In making the compound the polyps were placed together so that the head of one polyp came in contact with the foot of the other as in Fig. 42 . None of the experiments in which the two oral ends of the polyps were placed in contact gave satisfactory results.
A description of one of the most interesting of these tangent grafts is as follows: A few hours after the operation the compound appeared as in Fig. 43 , the two polyps, one with six, the other with seven tentacles, being joined together in two places only. At one end of the compound the polyps were firmly united for about one third of their length, and near the middle of the compound, the polyps were held together by a narrow band of substance. The aboral end of one polyp and the oral end of the other were completely free.
The operation was made on Nov. 21, and by Nov. 25, the compound appeared as in Fig. 44 . The head of the hydra designated in the figure by the letter B had become firmly united with the aboral end of the hydra marked A. All connection between the head and the trunk of hydra B was broken so that the component parts were united only by the narrow band of substance in the middle region. On Nov. 30, a small projection was noticed on the aboral end of hydra A (Fig. 45, 0) , and it soon became a foot as it adhered to the needle when touched. From its location I judged that this foot was part of the original foot of hydra A and not an entirely new formation. By Dec. 2, the compound was found to be attached by a foot that had developed on the oral end of component B (Fig. 45, Y) , and a bud was also forming on the side of this polyp. During the following week, the connection between polyp B and the rest of the compound grew more slender, and the axial relations of the components became such that component B supported the rest of the compound entirely, thus forming a T shaped structure (Fig. 45) . On Dec. 9, B separated from the rest of the graft and disintegrated without any regeneration taking place. A constriction was soon noticed near the middle of the rest of the compound (Fig. 46) and this constriction .deepened rapidly so that two normal individuals were formed on Dec. 27. One of the polyps received the foot that had appeared at the posterior end of component A (Fig. 45, 0) .
In the other partially successful graft in this series, the two polyps were united for a time by a broad band in tile middle region only. In the course of a few days one polyp swung around so that the compound was attached by the two aboral ends of the components. 3_t the end of three weeks the polyps had separated as distinct individuals. This result is similar to that obtained by tt/~?FFERAX in some of her tangent grafts of Hydra fusca where the polyps were united in a reversed direction.
These experiments, together with those of 19EEBLES and I{EF-FERAl" seem to show that it is not possible to permanently change the form or size of a polyp by experimental means. AbnormMities will persist for a time, but sooner or later reg'ulative processes occur which result in the formation of normal individuals.
III. The Regulation of Four-headed Hydras.
In my former experiments, double-headed polyps were formed by cutting a polyp longitudinally from the oral end to within a short distance of the foot. In such polyps regulation to a normal form was brought about by a gradual splitting, of the trunk of the polyp until two individuals were formed from the one. The following experiments were made to see if regulation to a normal form would be the same in four-headed hydras as it is in double-headed hydras.
Two methods were employed to produce four-headed hydras. both of which proved equally successful. One method was to make two longitudinal cuts through the oral end of a large polyp and then, by meal, s of needles, keep the parts fl'om reuniting for some three hours after the operation (Fig. 47) . Each of the four parts into which the anterior end of the polyp was cut dosed in and formed a head. In the second method used, double-headed polyps were first made by splitting a hydra longitudinally through the middle line for some distance, and then, on the following day, each head was again split longitudinally thus producing a four-headed hydra.
The regulation of these four-headed polyps varied somewhat in the different individuals, although the end result was the same in all cases. A description of one of these experiments only will be gi~'i~n.
-The experiment was made on :Nov. 1 by the first method described. The hydra experimented upon had orginally seven tentacles and there resulted from the operation an individual with four heads. Two of the heads had three tentacles each, one had one tentacle, while the remaining head was at first destitute of tentacles. On ~Nov. 5, the number of tentacles on each head had increased so that one head, A, had five tentacles; two heads, B and D, had four tentacles each; while head C, which did not receive any of the tentacles in the beginning of the experiment, had now regenerated three tentacles, thus making a total of 16 tentacles for the entire hydra (Fig. 48) .
Heads B and C were formed from the middle part of the hypostome; and from the beginning of the experiment they were united for a short distance" so that there were but three branches from the main trunk.
During" the next three days, one more tentacle appeared on head C and one more also on head D, making a total of 18 ten~acles for the whole polyp. On Nov. 13, head D was found to be much nearer the common foot end of the hydra, and, therefore, there must have been either a further splitting of the trunk of the polyp, or, possibly, a downward migration of head D towards the aboral end of its own trunk. At the same time, heads B and C were found to be undergoing a process of fusion as the hypostomes were much closer together than they were when observations were made on Nov. 8 (Fig. 49) . On Nov. 17, the axial relations of the parts had changed so that the axis of head D was in a line with the axis of the aboral end of the common trunk (Fig. 50) , and the axis of this part of the polyp formed nearly a right angle with the axis of the portion of the trunk supporting the other three heads. By Dee. 1, the fusion of heads B and C was completed, so that there was but one mouth opening" surrounded by 9 tentacles (Fig. 51) . Two days later a constriction was'noticed between the part of the trunk bearing head D and the rest of the polyp. This constriction deepened rapidly and on Dee. 10, D separated as a distinct individual, leaving the two heads A and B C united for some distance at their aboral ends. During the following week, the portion of the common trunk uniting A and B C decreased considerably in length so that the polyps were united only at their foot ends by a narrow connection. On Dec. 20, the connection was broken and two normal individuals were prbduced.
In all ten of the experiments in this series, regulation to a normal form was brought about, as in the double-headed polyps previously studied, by a separation of the original hydra body into several pieces, each eventually becoming a normal polyp. It is only in rare instances that two heads fuse together as was the case in the experiment described above. Ordinarily there are as many separate polyps formed from the one as there are heads produced when the operation is first made.
IV. Experiments on Hydras Bearing Buds.
While the experiments described above were in progress, many of the stock hydras in the aquaria were budding" freely. The following experiments were undertaken mainly to ascertain if it would be possible to bring about a complete absorption of the bud by the parent hydra, or to incorporate a portion of the parent hydra into the body of the bud.
RA~D nlade several experiments in which he cut a budding' hydra transversely just above and also just below the place of attachment of the bud. He thus obtained a bud united to a narrow ring of the body wall of the parent hydra, and in every instance, no matter how young the bud, tile bud constricted off from the piece of the parent hydra in the course of a few days. In all of RA~I)'s experiments, the ring of tissue from the body wall of the'parent hydra which remained connected with the bud was of considerable size. The following experiment was made to see whether a bud will also constrict off from a very small fl'agment of the body wall of the parent hydra, or whether it will incorporate the piece into its own trunk, as is the case in grafting experiments where a very small piece of one polyp is grafted into another polyp of larger size.
Series I. In this set of 10 experiments, hydras bearing buds in various stages of development were operated on in the following" manner: Two oblique cuts were made across the parent hydra (Fig. 52,   MN) , so that but a small triangular shaped piece of the body wall remained attached to the bud. The morning following the operation, the cut surfaces had healed so that a small, rounded piece of tissue was attached to the aboral end of the bud. In every instance the bud sooner or later constricted off from the fragment of the parent hydra, the time required for the separation depending entirely on the size of the bud when the operation was made. As far as could be determined, the process of separation of the bud from the small piece of the parent hydra was in no way different from that taking place under normal conditions, and the process was apparently not delayed. No matter, therefore, how small the piece of the body wall of the parent hydra attached to a bud, the bud will not absorb it, neither is the development of the bud affected by the operation.
Series If. In another set of 6 experiments, only hydras bearing very young buds in which the tentacles had not yet appeared were used. In these experiments, the parent hydra was cut transversely just above the place of attachment of the bud (Fig. 53, MN) . The operation was made to see whether the bud would constrict off under these conditions, or whether it would remain attached to the posterior portion of the parent hydra and form the permanent head of the polyp. In every instance, on the day following the operation, the bud had developed tentacles and a slight constriction was noticed at its aboral end. The final separation of the bud fi'om the piece of the parent hydra occurred in from 4--5 days after the operation in all 6 experiments.
Series III. In five cases, just after the tentacles had appeared, the head of a bud was cut off by a transverse cut just back of the circle of tentacles (Fig. 54) to ascertain if the separation of the bud from the parent hydra would be prevented or greatly delayed by the operation. A new hypostome and tentacles very quickly regenerated on the cut surface and the bud constricted off in fl'om 3--5 days after the operation.
RA~D succeeded in making a permanent union between a bud and the parent hydra by cutting through both bud and parent as in Fig. 55 ,/~S. The half-bud remaining attached to the anterior part of the parent hydra constricted off in all five of the experiments that he made. In three cases, the half-bud attached to the posterior portion of the parent hydra swung around so that its axis was in line with that of the parent hydra and it became the permanent head of a normal polyp.
I repeated the above experiment of RAND'S six times with the same result in each case, i.e. separation of the half-bud from the anterior portion of the parent hydra in the course of two or three days after the operation, and the swinging around of the half-bud attached to the posterior portion of the parent hydra to form the bead of the polyp.
In a slight modification of the above experiment, a hydra bearing' a very young bud was used. The head of the bud was removed by a transverse cut (Fig. 55, 2 'U) and then a longitudinal cut was made through the body of the bud and extending" across the parent hydra transversely as well (Fig. 55, t~S) . By removing the oral end of the bud, it was hoped the separation of the portion of the bud attached to the anterior part of the parent hydra would be prevented and that a foot would regenerate on the oral end of the bud (Fig. 55, TU) .
The history of the anterior piece of the parent hydra and the fragment of the bud attached to it was as follows: On Dee. 6, the day following'the operation, the cut surfaces had healed over and the bud projected out at right angles to the trunk of the parent hydra (Fig. 56) . By Dee. 8, a foot had developed at the aboral end of the parent hydra and tentacles had appeared around the oral end of the bud which had increased considerably in ,size and was beginning to show a constriction at its base. The bud separated from the parent hydra on Dec. 12, seven days after the operation was made, separation being" somewhat delayed, but not prevented by the operation. The same result was obtained in five other similar experiments. It appears impossible to effect a permanent union between the anterior portion of a hydra and the whole or part of one of its buds.
The fate of the piece of bud attached to the posterior portion of the parent hydra was alike in all six eases. The cut surface healed over in the course of a few hours, and two days later the bud and the parent hydra had each developed a new hypostome and tentacles at its oral end, while a slight constriction had appeared at the base of the bud (Fig. 57) . Separation of the bud from the parent occurred, as in the anterior pieces, about seven days after the operation.
The above experiments show that while, in exceptional cases, it is possible to cause a permanent union between a parent "hydra and a portion of a bud, this union occurs _only,when the axis of the bud swings around in line with the axis of the parent hydra, a condition which is always necessary in order that a permanent union may be effected between the components of a lateral graft. In the first experiments in this group, the fragment of the parent hydra remaining attached to the bud was much smaller than the graft hydra in many of the experiments in lateral grafting in which the graft became permanently incorporated into the body of the stock hydra; yet a bud is seemingly not able to absorb a part of the parent hydra and always separates from it sooner or later.
Summary.
1) The number of tentacles that will regenerate after the removal of the head of Hydra viridis depends, to a certain extent at lea~t, on the presence or absence of light. If the polyps are kept in continued darkness during the time they are regenerating, fewer tentacles win be developed than is the ease when the polyps are exposed to the influence of light. The rate at which the tentacles develop, however, is the same in both cases.
2) In lateral grafting experiments in which the aboral end of one polyp is inserted in the side of another polyp (Figs. 1, 8 etc. ) the axial relations assumed by the components of the graft is an important factor in determining" the fate of the graft and also the manner in which it will separate from the stock in those cases where the union of the components is not a permanent one.
A) If the axes of the parts above the place of union of the two components of the graft form equal angles with the axis of the common trunk, the graft slowly migrates to the foot of the stock, and constriction and final separation takes place in this region (Figs. 3--6) .
B) If the axis of the stock does not become bent at the place of insertion of the graft, the graft develops a foot on its aboral end (Figs. 8--10 ) and soon separates from the stock, having undergone no apparent downward migration towards the aboral end of the stock. C) If the axis of the graft swings around in line with that of the common trunk, the graft unites permanently with the stock, and ~ part of the stock constricts off from its own trunk and becomes a separate individual (Figs. 11--14) .
3) The downward migration of a graft towards the aboral end of the stock is not due to gravity or to a splitting of the stock. It is a movement of the graft alone and does not include a movement of some of the tissues of the stock also.
4) The fate of a graft does not depend upon its degree of specialization, but upon its size, upon the axial relations it assumes with respect to the stock, and upon its position in the stock. If the head only of a polyp is inserted into another polyp close to its oral end (Fig. 7) , the grafted head fuses completely with the head of the stock and the abnormally large number of tentacles is reduced by fusion ~nd absorption to within the limits of normal variation. If ~ large piece of one polyp is grafted anywhere along" the trunk of another polyp, it will sooner or later separate from the stock and become a distinct individual (Figs. 8--10) . A small piece of any part of the body wall of a polyp, if grafted on any part of another polyp, will be absorbed by the stock; but the head of a polyp can be incorporated only into the oral end of the stock. 5) If, after removing the head of a polyp, the oral end of the trunk is grafted into the middle of another polyp (Fig. 19) , the graft will migrate towards the aboral end of the stock (Fig. 20) , constrict off and become a complete individual by developing a hypostome and tentacles at its oral end. If the foot of the graft of such a compound is removed by a transverse cut (Fig. 19, EF) , a new foot always regenerates, and the graft eventually separates from the stock. If the cut has removed all but a small piece of the graft, gradual absorption of the graft by the stock takes place and a normal polyp is formed.
6) If, after the removal of the hypostome and tentacles, the oral end of a polyp is gra$ted into the middle of another polyp and then the foot of the graft removed by a transverse cut, and if, subsequently, a longitudinal cut is made through the graft and extending transversely across the stock ( Fig. 19; CD, EF) , the stock is divided into -m anterior and a posterior piece to each of which a long, narrow piece of the graft is attached. If the part of the graft attached to the ;interior portion of the stock swings around so that its axis is in line with that of the stock, a permanent union is effected between the graft andthe stock, the graft regenerating a foot and becoming the aboral end of a normal polyp (Fig. 22) . If the graft axis remains at nearly right angles .to that of the stock, then the graft finally constricts off from the stock as a separ'tte individual. If the piece of graft attached to the posterior portion of the stock is of sufficient size, it always separates from the stock; if it is small it is incorporated into the body of the stock (Fig. 23) .
7) If the foot of a polyp is removed, and the polyp grafted by its aboral end into the middle of another polyp and if, subsequently, the head of the graft and the part of the stock below the line of union with the graft are removed by transverse cuts (Fig. 25) the fate of the graft depends on its size and the axial relations it assumes with respect to the stock. If the graft is large and its axis remains at nearly right angles to the axis of the stock, it develops tentacles on its oral end and eventually separates from the stock (Figs. 26, 27) ; if the graft is small, it swings around in line with the stock (Figs. 28, 29) , develops a foot on its oral end and becomes the permanent aboraI end of the polyp. 8) If the head of a polyp is removed and the oral end of the trunk grafted into the middle of another polyp, and then the foot of the graft and also the part of the stock above the place of insertion of the graft are removed by transverse cuts (Fig. 30) , the fate of the graft depends on its size. If the graft is large it regenerates a foot on its cut aboral surface and eventually separates from the stock. If the graft is small, it is absorbed by the stock.
9) The number of tentacles that will regenerate after the removal of the head of a polyp, is not increased by grafting the polyp into another polyp, and thus, for a time at least, increasing the volume of the polyp.
10) The kind of regeneration from the cut surface of a component ~f an end-to-end graft is determined, to a certain extent at least, by the size of the component. If both components of the g'raft are of considerable size, each will regenerate a new structure like that removed and eventually the two components will separate as distinct individuals. If one component is much smaller than the other, it is either absorbed by the larger component, or it forms a permanent union with it. In the latter case its polarity is reserved, if necessary, in order that a structure may regenerate on its cut surface that will produce a normal polyp.
11) It is not possible to permanently increase the diameter of the trunk of a hydra by means of tangent grafting. Such abnormalities persist for a time, but sooner or later regulative changes occur which result in the formation of one or more normal individuals (Figs. 42--46) . 12) Regulation in four-headed hydras is brought about, as in double-headed polyps, by a separation of the body of the hydra into distinct individuals. Ordinarily there are as many individuals produced from the one as there are heads formed in the beginning of the experiment; but in rare cases two heads may fuse together and a single individual be formed from this part of the polyp (Figs. 48--51) .
13) If only a small, triangular piece of the body wall of a parent hydra remains attached to a bud in any stage of development (Fig. 52) , the bud eventually constricts off from it. In no case is the piece of the parent hydra incorporated into the body of the bud.
14) It is possible to delay, but not to prevent the separation of a bud from the parent hydra by removing the anterior end of the bud just after the tentacles have appeared (Fig. 54) . 15 ) By cutting longitudinally through the middle of a bud in which the tentacles are just forming and extending the cut across the parent hydra also (Fig. 55, RS) , it is possible to bring about a permanent union between the posterior part of the parent hydra and the part of the bud attached to it in cases in Which the bud swings around so that its axis is in a line with that of the parent hydra, as first determined by RAND. It is, however~ seemingly impossible to bring" about a permanent union between the anterior part of the parent hydra and the portion of the bud attached to it (Fig. 56) .
Bryn Mawr College, Bryn Mawr, Pa., Nov. 8, 1902. Zusammenfassung, 1) Die Anzahl der sich regenerirendea Teutakel la~ch Wegnahme eines Kopfendes yon Hydra viridis h~ngt, wenigstens bis zu einem gewisseu Grade, vom Zutritt bezw. der Abwesenheit des Lichtes ab. Werden die Polypen w~hrend der ganzeu Zeit ihrer Regeneration ununterbroehen im Dunkeln gehalten, so entwickeln sich weniger Tentakel, als es der Fallist, wenu die Polypen dam Einfluss des Lichtes ausgesetzt werden. Immerlfin ist der Entwickeluugsgrad der Tentakel in beiden Fiillen derselbe.
2) Bei Versucheu mit seitliehen u bei denen das aborale Ende des einen Polypen der Seite eines anderen eingeftigt wurde (Fig. 1, 8 etc. ), sind die Beziehungen der Achsen beider Kornponcnten ein ~viehtiger Faktor f'dr das Schicksal des aufgepfropfteu Stiicks und ftir die Art und Weise seiner Treummg yore Stock in denjenigen Fiillen, in denen die Vereinignng keine dauerad'e ist: a) Bilden die Achsen der Theile oberhalb der Vereiniguugsstelle der beiden Komponenten gleiche Winkel mit dem gemeinsamen Stature, so wandert das aufgepfropfte Sttiek allm:s an den FuI3 des Stocks, woselbst es zur Abschntirung und sehliei31ich Trennung kommt (Fig. 3--6 ). b) Wird die Stockachse an der Pfl'opfungsstelle nicht gebogen, dann bildet das aufgepfl'opfte Stiick einen Fu{3 am "tboralen Ende (Fig. 8--10) , und trennt sich bald yore Stock, ohne auscheinend eine Abwi~rtswandernug nact~ dera Stockful3ende nnternommen zu haben. c) Schwingt sieh die Achse des aufgepfropften Sttieks in gleicher Richtung mit der Stockachse herum, so vereinigt sich das aufgepfropfte Sttick dauernd mit dem Stock und ein Theil des letzteren schntirt sich yon seinem eigenen Stamme ab and wird zu einem selbstgndigen Individuum (Fig. 11--14) , 31 Die ~'iederwanderung eines aufgepfropften Stticks nach dem aborale, Stockende entsteht weder unter dem Einflusse der Schwerkraft noch durch Spaltung des Stocks. Sie stellt lediglich eine Bewegung des Pfropfstiicks allein dar und bedingt keinerlei Gewebsversehiebungen des Stocks selbst. 4) Das Sehicksal eines Pfropfstticks h~ingt nieht yon dem Grade seiner Speeialisirung ab, sondern you seiner Gr~il3e, yon der relativen Lage seiner Achse zu der des Stocks und yon seiner Stellung an letzterem. Wird das Kopfende eines Polypen in der Niihe des oralen Endes eines anderen Polypen aagefiigt (Fig. 7) , so verschmilzt das P fropfsttick vollstiindig mit dem Kopf des Stocks und die abnorm groi3e Tentakelzahl wird durch Verschmelz.ungs-und Resorptionsvorg~nge so weit redueirt, bis sie innerhalb der normalen Variationsbreite liegt. Wird ein grol3es Stiick yon einem Polypen irgendwo entlang dem Stature eines anderen Polypen angeftigt, so trennt as sich. frfiher oder sp~iter als selbst:~indiges Individunm you dem Stock (Fig. 8--10 '. Ein kleines Stiick aus der Kiirperwand eines Polypen wird an jeder beliebigen Stelle eines anderen Polypen yon dem Stock desselben resorbirt; ein Polypem kopfsttick liisst sich abet lediglich dem oralen Ende des Stocks inkorporiren.
5) Ftigt man das orale Ende eines des Kopfes beraubten Polypenstammes der Mitre eines anderen Polypen ein (Fig. 19) , so wandert das Pfropfstiick nacb dem aboralen Stoekende (Fig. 20) (Fig. 18 CD, EF) sich erstreckend uachfolgt, so theilt sich letzterer in ein vorderes und ein hinteres Stiick, deren iedem ein lunges schmales Stiick des Pfropfstiicks anhaftet. Schwingt sich die Pfropfstiickh':~lfte des vorderen Stocktheils so herum, dass seine Achse mit der des Stocks zusammenf~llt, so wird die Vereinigung des Pt~opfstticks mit dem Stock zu ether dauernden, ind'em das Pfropfsttiek einen Ful3theil regenerirt und das aborale Ende eines normalen Polypen wird (Fig. 22) . Bleibt die Achse des Pfropfst[icks unter fast rechtem Winkel zur Achse des Stocks stehen, so schniirt es sich' sehlie~lich als selbstiindiges Individuum yon ihm ab. Besitzt ein dem hinteren Stocktheil angeheftetes Pfropfstiick geniigende GriiBe, so trennt es sieh stets ab; ist es klein, so wird es dem StockkSrper einverleibt (Fig. 23) .
7: Eutfernt man den Fu$ eiues Polypen und heftet ihn mit seinem tIinterende einem anderen in der Mitte an, wird danu nachtrSglich der Kopf des Pfropfstiicks und der unterhalb tier Vereinigungsstelle gelegene Theil des Stocks durch einen Querschnitt entfernt (Fig. 25) , so hiingt alas Sehicksal des Pfropfstticks yon seiner Gr[ii3e und der gegenseitigen Lage seincr und der Stockachse ab. Ist das Pfropfsttick groi3 und bleibt seine Achse unter nahezu rechtem Winkel zu der des Stocks stehen, so entwickelt es Tentakel an seinem oralen Ende und trennt sich eventuell yore Stock (Fig. 26, 27) ; ist es aber klein, so steUt es sich in die Liingsrichtung des Stocks eiu (Fig. 28, 29) , bildet einen FuB an seinem oralen Ende uud wird bleibend zum aboralen Ende des Polypen. 8) Wird der kopflose Stamm eines Polypen mit dem oraleu Ende der 5Iitte eines anderen Polypen eingefiigt, danach sowohl der Fui3 des Pfropfstticks wie der oberhalb der Vereinigungsstelle liegende Theil des Tdigers dureh einen Querschnitt entfernt (Fig. 30) , so hiingt das Schicksal des Pfropfstticks gleichfalls yon seiner GrSBe ab. Ist es groi3, so regenerirt es einen FuB an seiner aboralen Schnittflis und trennt sich eventuell yon seinem Tr~igerpolypen; ist es dagegen klein, so wird es yon ihm resorbirt. 9) Die Tentakelzahl, die nach der Entfernung des Kopfendes yon einem Polypen regenerirt wird, erfi~hrt keine Vermehrung durch Aufpfropflmg des Polypen auf einen anderen, wodurch doch, wenigstens eine Zeitlang, sein Volumen vergrtil~ert wird.
10) Der Regenerationsvorgang an der Schnittfliiche eines Komponenten ether endst:~indigen Vereinigung ist wenigstens einigerma~en dutch die Gr(ii]e der Komponenten bestimmt. Sind sie beide grog~ so regenerirt jeder die den verlorenen entsprechenden Theile und die beiden Theile trennen sich eventuell als selbst~ndige Individuen. Ist ein Komponent viel kleiner als der andere, so wird er yon letzterem entweder resorbirt oder er geht mit ibm eine bleibende Verbiudung eta. Im letzteren Fall wird nSthigenfalls seine Polarit';it zu Gunsten der Erzeugung eines normalen Polypen derart umgekehrt, dass sich an der Schnittfli~che die dementsprechende ~Neubildung entwickelt.
